Introduction
============

Non-communicable diseases, and especially cardiovascular diseases (CVDs) account for most premature deaths globally, followed by cancers, respiratory diseases, diabetes, and obesity ([@B81]). While an unhealthy lifestyle like physical inactivity and an unhealthy diet are the most common behaviors that increase the incidence of NCDs ([@B42]; [@B81]), sleep problems, such as inadequate sleep duration and poor sleep quality are also becoming more common and recognizable as unhealthy since numerous studies showed their associations with NCDs, especially, hypertension, type 2 diabetes, and obesity ([@B69]; [@B9]; [@B23]; [@B52]). Accordingly, a systematic review revealed that sleep problems should be mentioned during the visit to healthcare providers, as sleep problems may severely influence recovery from the diseases, control of NCDs, and may affect individuals' quality of life in general ([@B74]).

Sleep has gained attention in research and it has been strongly suggested to raise awareness of sleep as an important health behavior ([@B56]; [@B11]). In particular, good quality and restful sleep not only reduce health risks with the chances for recovery and rejuvenation ([@B21]; [@B5]), but also might facilitate quality of life by enhancing well-being ([@B54]).

A healthy lifestyle contains more than single health behaviors, with the balance of energy expenditure (i.e., physical activity) and energy intake (i.e., healthy food intake), and the success in one behavior could facilitate changes in other behaviors ([@B43]; [@B28]). In fact, physical activity and fruit and vegetable intake are two of the most important and easiest to influence health behaviors which effectively reduce the risks of NCDs ([@B42]; [@B81]), while physical activity and fruit and vegetable intake were positively interrelated within a multiple health behavior study ([@B25]). Evidently, physical activity and fruit and vegetable intake are associated with lower mortality ([@B76]), higher self-rated health ([@B72]), and better health-related quality of life ([@B41]).

In addition, many previous studies found that different behaviors are related. For example, inadequate sleep duration and poor sleep quality are associated with unhealthy diet and physical inactivity ([@B29]; [@B38]). A study showed that sufficient sleep and good sleep quality were positively associated with a higher intake of dietary fiber and fruit and vegetable consumption ([@B23]). Furthermore, a systematic review identified that sleep and diet facilitate each other with carry-over mechanisms ([@B26]), including positive experiences, skills, cognitions like motivation, positive emotion, and self-regulatory strategies, and thus have impacts throughout the life course ([@B43]). However, inadequate sleep duration also changed circadian rhythms and hormonal levels and contributed to obesity, diabetes, and CVDs ([@B26]). An online survey study in a web-based platform found that individuals who had more physical activity, fruit and vegetable intake, and slept well were more likely to report better mood ([@B47]). Therefore, another study strongly argued that sleep should also be taken into consideration for health improvements, and given as much attention as physical activity and fruit and vegetable intake as it seems reasonable that these multiple health behaviors influence overall health ([@B11]). However, the interrelations of physical activity and fruit and vegetable intake with sleep are lacking. Consequently, it is worthwhile to examine the interrelations of these health behaviors altogether.

With increasing age, the number of people suffering from NCDs also increases. It is known that most premature deaths attributed to NCDs occur between the ages of 30 and 70 years, and thus, NCDs most likely affect people of all age groups ([@B81], [@B82]). However, motivation to and success in health behavior change differs by age and subjective health with distinct health perceptions and habits ([@B17]), while different age groups might yield noticeably different approaches in improving health. A recent study showed that, in comparison to younger adults, older adults were more likely to meet fruit and vegetable recommendations but were less likely to meet the physical activity recommendations ([@B2]).

Moreover, a study reported that the predictors of sleep quality differ between young adults and older adults: sleep duration was shorter with increased age, and older adults reported less restful sleep than younger adults ([@B85]). Previous studies revealed that differences in health behaviors and sleep quality can be documented across age groups. For instance, a good sleep was positively associated with fruit and vegetable intake among young adolescents ([@B23]). Additionally, middle-aged and older adults reported poor sleep quality with low levels of physical activity and therefore yielded poorest health characteristics ([@B62]). Moreover, a previous study asked people about their perceptions of sleep quality and they defined one of the main indicators of good sleep quality is feeling rested with few or no sleep disruption during the night ([@B30]). Sleep problems such as unrestful sleep increase with age. Thus, there is a growing interest in understanding the role of restful sleep to many important health outcomes beyond sleep duration across age groups ([@B38]).

A healthy lifestyle should be initiated earlier throughout young adulthood as it is related to lower risks of CVDs in middle age and later life ([@B47]). While sleep might be one of the body's most important mechanisms, little about it has been studied in relation to other health behaviors. Consequently, more scientific evidence of age-group differences among these multiple health behaviors is needed. Thus, this present study examined underlying behavioral and psychological mechanisms across age groups. Age groups should be analyzed in regard to whether young adults (i.e., 20--35 years) differ from middle-aged adults (i.e., 36--55 years) and the aging older adults that included both young-old- and oldest-old adults (i.e., older than 56 years). This grouping approach was chosen by previous study related to health behavior change ([@B57]; [@B84]), and some studies which are related to the aspects of aging ([@B55]; [@B78]).

Looking at the associations with underlying mechanisms, sleep has been found to be associated with physical activity and fruit and vegetable intake with increased life satisfaction and perceived health, as well as decreased high blood pressure among participants who were employees and mostly middle-aged ([@B51]). Within this study, the outcomes highlighted that the multiple health behavior change interventions were effective and showed significant improvements among middle-aged employees with self-rated better health. Compared to older adults who reported having good sleep quality, older adults with poor sleep quality rated poorer subjective health and more frequently experienced restless sleep ([@B1]). Among young adults, sleep problems were associated with lower quality of life and subjective health ([@B12]), but physical activity was not related to better quality of life ([@B32]). Poor sleep was related to a decreased likelihood of maintaining healthy behavior change ([@B34]), and it is thus essential to examine sleep quality and restful sleep further to provide more information on how sleep improvement, together with physical activity and fruit and vegetable intake could be considered.

Most theoretical frameworks describe only single behaviors, for example, the Health Action Process Approach (HAPA, [@B67]; [@B68]) describes single health behavior change of adoption, initiation, and maintenance of health behavior via motivation and volition phases, including factors such as intention, self-efficacy, outcome expectancies, risk perceptions, and action planning. However, to promote a healthy lifestyle and to prevent NCDs, it is necessary to take multiple health behaviors into account ([@B60]). Like the CCAM originated by [@B43] is a novel approach for understanding the multiple health behavior change process with the underlying mechanisms that promote a healthy lifestyle and prevent NCDs. The CCAM addresses multiple health behaviors via carry-over mechanisms, and their associations with social-cognitive factors, such as intention, planning, and self-efficacy. Although these social-cognitive factors are essential in coping with tempting situations and compensatory cognitions that occur during the process of behavior change, these factors are not the purposes of this study. The research questions of this study are driven by the assumptions of the CCAM which can be studied individually: (1) different health behaviors interrelate, in this case, restful sleep, physical activity, and fruit and vegetable intake interrelate with carry-over mechanisms; (2) a healthy lifestyle contains more than a single health behavior, which decreases the stress reaction while it increases an individuals' well-being (in this case, sleep quality), and associates with higher-level goal (in this case, quality of life and subjective health).

People experience different kinds of stressors while adopting and maintaining healthy behaviors. For example, if a person has set a goal and fails to reach this goal (e.g., due to work stress, daily hassles, or chronic stressors), their well-being might be affected. This is especially the case for work stress which has been identified as one of the main risk factors for hypertension and CVDs among young adults ([@B53]). Thus, good sleep quality may result in the decrease of the stress reaction and the increase of well-being. This is especially true when sleep has been portrayed as an approach for achieving a sufficient recovery state to reenergize for future tasks or cope with chronic diseases, and for revitalizing self-control, which increases self-regulatory behavior and consequently decreasing stress symptoms ([@B5]).

Engagements in multiple health behaviors may lead to increased well-being ([@B28]), thus, many studies examined the associations between health behaviors and underlying behavioral and psychological mechanisms ([@B16]; [@B60]; [@B66]; [@B45]; [@B64]; [@B73]; [@B19]). For example, a study examined students' health and well-being and found that low level of engagement in health-promoting lifestyle-related behaviors, such as physical activity and nutrition, and stress management were associated with poor sleep quality and poor subjective health ([@B4]). Nonetheless, little is known about the interrelations of restful sleep, physical activity, and fruit and vegetable intake, and their associations with sleep quality, quality of life, and subjective health, for the general population and participants that were motivated to decrease their risk for a CVD. Therefore, based on the CCAM, the current study aims:

1.  To identify the interrelations among restful sleep, physical activity, fruit and vegetable intake, sleep quality, quality of life, and subjective health.

2.  To examine to what extent restful sleep, physical activity, and fruit and vegetable intake are associated with increased sleep quality, quality of life, and subjective health.

3.  To investigate age-group differences in health behaviors (i.e., restful sleep, physical activity, and fruit and vegetable intake), and sleep quality, quality of life, and subjective health among young adults, middle-aged adults, and older adults.

4.  To understand the associations between the health behaviors (i.e., restful sleep, physical activity, and fruit and vegetable intake), and underlying mechanisms (i.e., sleep quality, quality of life, and subjective health) across age groups.

Materials and Methods {#s1}
=====================

Study Design, Settings, Participants, and Procedures
----------------------------------------------------

This study is a cross-sectional study dataset, which stems from a randomized control trial (RCT) initially, to investigate whether a web-based, computer-tailored intervention is effective in increasing self-reported physical activity and fruit and vegetable intake. The results on the effectiveness of the intervention have been published elsewhere ([@B65]; [@B73]; [@B19]), and are distinct from the present study. Only the cross-sectional data from the self-report baseline questionnaires have been used to answer the research questions of this current study. The baseline questionnaire was the same for the intervention and waiting control group; thus, we expect no differences in results due to group condition.

A study protocol with detailed information of the study has been previously published ([@B63]). Thus, only a summary of the study methodology is mentioned in the following. This study has received ethical approval from the German Society for Psychology (Deutsche Gesellschaft für Psychologie, DGPs; EK-A-SL 022013) in Germany, and the Medical Ethics Committee of Atrium Medical Centre Heerlen (METC; 12-N-124) in the Netherlands. A clinical trial registration was conducted with ClinicalTrials.gov (Identifier: NCT01909349). All participants in this study gave informed consent online and obtained the access to the web-based program and the questionnaires. All participants participated voluntarily, and the data were anonymized.

A total of 1,010 participants were initially recruited from cardiac rehabilitation facilities and heart training groups, as well as Internet platforms and online panels in Germany and the Netherlands from 2013 to 2015. Only participants who met the following inclusion criteria were approached to take part in this study: (a) aged 20 years and older; (b) German or Dutch language proficiency; (c) having an interest to reduce cardiac risk behavior in terms of being able to be physically active at least 150 min per week and being able to eat at least five portions of fruit and vegetables a day; (d) no complications and restrictions for physical activity and fruit and vegetable intake; and (e) having Internet access.

The research team excluded a total of 220 datasets because of double registration (*n* = 5), non-available dataset (*n* = 128), inadequate age (*n* = 1 younger than 20 years), and missing gender information (*n* = 86). The final sample size is 790 participants.

Measurement Instruments
-----------------------

### Sociodemographic Variables

All socio-demographic characteristics were self-reported by the participants: year of birth, gender, country, employment status, marital status, and education levels in the baseline questionnaire. Based on participant's information about body height and body weight, the BMI was calculated. The age of the participants is categorized into three age groups---young adults (1 = aged 20--35 years), middle-aged adults (2 = aged 36--55 years), and older adults (3 = aged 56 years and older). This categorization of age groups was adopted from the previous studies which investigated various relevant topics including health behavior change and aging aspects ([@B57]; [@B55]; [@B78]).

### Health Behaviors: Physical Activity and Fruit and Vegetable Intake

To provide reliable individual health information from the web-based study, the assessment of participants' physical activity and fruit and vegetable intake was done with the items "During the last weeks did you engage in physical activity at least 5 days a week for 30 min or more, in such a way that you were moderately exhausted?" and "During the last weeks, did you eat five portions of fruit and vegetables per day?" The answers were based on a 5-point Likert scale ranging from 1 = No, and I do not intend to do so; 2 = No, but I'm thinking about it; 3 = No, but I intend to do so; 4 = Yes, for a short period of time to 5 = Yes, for a long period of time. These items access the stages of change of health behaviors which combine intention and action in ordered categorical form, based on theoretical assumptions of the Transtheoretical Model ([@B59]) and HAPA model. The reliability and validity of these measures were found in these previous studies ([@B46]).

### Restful Sleep

With one of the items from the Center for Epidemiologic Studies Short Depression Scale (CES-D10) ([@B20]), participants were asked to assess their level of restful sleep: "In the past week, my sleep was restless," on a scale from 1 = rarely or none of the time (\<1 day) to 4 = most or all the time (5--7 days) ([@B3]). As this present study focuses on the positive aspects of sleep, this item has been reverse coded to measure restful sleep. This item has been included individually in the previous health-related studies ([@B40]; [@B22]; [@B6]).

### Sleep Quality

To determine sleep quality, one item from the short version of the World Health Organization Quality of Life (WHOQOL-BREF) Questionnaire (Group [@B80]; [@B71]; [@B77]; [@B33]) was used. The participants rated the item "How satisfied are you with your sleep?" on a scale from 1 = very dissatisfied to 5 = very satisfied. This item measures sleep quality for the physical health domain, but it has been examined individually in a previous study ([@B48]).

### Quality of Life and Subjective Health

This web-based study included two items to assess the overall quality of life and subjective health which were taken from the WHOQOL-BREF. The participants were asked to answer the item "Please keep in mind your standards, hopes, pleasures, and outcomes, in the last 4 weeks, how would you rate your quality of life?" on a scale from 1 = very poor to 5 = very good and "How satisfied are you with your health?" on a scale from 1 = very dissatisfied to 5 = very satisfied (Group [@B80]; [@B71]; [@B77]; [@B48]; [@B33]). Based on a recent review, well-being interrelates with subjective health and quality of life ([@B18]). Thus, these two items of quality of life and subjective health, with Pearson's *r* = 0.50, *p* \< 0.001, were combined into one index to measure participants' aggregated quality of life and subjective health overall ([@B18]). This was also done in previous research ([@B36]).

Statistical Analysis
--------------------

All statistical analyses were performed using IBM SPSS 24 and AMOS 24. In the preliminary analysis which described the key characteristics of the main study variables which are important for further analysis, chi-square tests were performed to detect differences in the categorical variables gender and country among the three age groups. Descriptive statistics and bivariate correlation determined the interrelations among the main continuous variables: physical activity, fruit and vegetable intake, restful sleep, sleep quality, quality of life and subjective health, age, and BMI. Pearson's *r-*values were used to measure the effect size of the relationships among variables, with the purpose to avoid incorrect inferences, bias results, and less precise estimates ([@B24]).

In order to answer the research questions 2, 3, and 4, the main analyses contain three parts: (1) a path analysis was conducted to generate a proposed model based on the CCAM; (2) comparing age-group differences on the means of main study variables by using one-way multivariate analysis of covariance (MANCOVA); and (3) a multi-group analysis in structural equation modeling was conducted to examine the proposed model across age groups.

The analyses confirmed that multicollinearity did not affect any of the significant effects reported below, and that multivariate normality was assumed. Homogeneity of variances was not assumed for the dependent variables: sleep quality, *F*(2,787) = 5.41, *p* = 0.005; restful sleep, *F*(2,787) = 4.96, *p* = 0.007; quality of life and subjective health, *F*(2,787) = 5.16, *p* = 0.006; fruit and vegetable intake, *F*(2,787) = 20.11, *p* \< 0.001; except physical activity, *F*(2,787) = 1.65, *p* = 0.194. Thus, the Games-Howell test was used as recommended if the homogeneity of the variances assumption is violated ([@B27]; [@B35]).

Analysis of variance (ANOVA) was employed to analyze the variations of the dependent variables for each age group. Games-Howell *post hoc* test was selected for group comparisons as recommended ([@B27]; [@B35]), and Robust Tests of Equality of Means (Welch) with asymptotically *F* distributed were used ([@B24]). Polynomial contrast analyses were adopted to examine both linear and nonlinear trends (i.e., quadratic terms) and the trends were examined with weighted terms for unequal sample sizes for each age group. BMI, country of origin, gender, employment status, marital status, and education levels were included as control variables. The level of two-tailed statistical significance was set at *p* \< 0.05. We used Sidak statistical measures to adjust for multiple testing.

Results
=======

Sample Characteristics
----------------------

A total of 790 participants with a mean age of 50.9 years. Among them, 62.9% of the participants were female, 50.1% were working full-time, and 66.3% of the participants were married or in a relationship. Middle-aged adults were the majority in both countries, with 49.1% in Germany, and 50.9% in the Netherlands. **Table [1](#T1){ref-type="table"}** provides an overview of the sociodemographic variables in this study, except education levels due to more than one cell showing frequencies below 1, which may fail to detect a genuine effect ([@B24]).

###### 

Descriptive statistics on sociodemographic variables.

  Categorical variables                    Chi-square (χ^2^)   *p*       Young adults   Middle-aged adults   Older adults   Total
  ---------------------------------------- ------------------- --------- -------------- -------------------- -------------- ------------
  **Country**                              8.74                0.013                                                        
  German                                                                 34 (33.3)      207 (49.1)           130 (48.9)     371 (47.0)
  Dutch                                                                  68 (66.7)      215 (50.9)           136 (51.1)     419 (53.0)
  Gender                                   40.50               \<0.001                                                      
  Male                                                                   17 (16.7)      142 (33.6)           134 (50.4)     293 (37.1)
  Female                                                                 85 (83.3)      280 (66.4)           132 (49.6)     497 (62.9)
  **Employment status**                    273.12              \<0.001                                                      
  Working full-time                                                      44 (43.1)      271 (64.2)           81 (30.5)      396 (50.1)
  Working part-time                                                      28 (27.5)      101 (23.9)           44 (16.5)      173 (21.9)
  Vocational training                                                    11 (10.8)      3 (0.7)              1 (0.4)        15 (1.9)
  Unemployed                                                             10 (9.8)       22 (5.2)             17 (6.4)       49 (6.2)
  Retired                                                                3 (2.9)        6 (1.4)              106 (13.4)     115 (14.6)
  Housewife/husband                                                      6 (5.9)        19 (4.5)             17 (6.4)       42 (5.3)
  **Marital status**                       98.23               \<0.001                                                      
  Single                                                                 24 (23.5)      38 (9.0)             16 (6.0)       78 (9.9)
  Close relationship not living together                                 16 (15.7)      20 (4.7)             10 (3.8)       46 (5.8)
  Close relationship and living together                                 25 (24.5)      36 (8.5)             15 (5.6)       76 (9.6)
  Married                                                                35 (34.3)      294 (69.7)           195 (73.3)     524 (66.3)
  Divorced                                                               2 (2.0)        28 (6.6)             24 (9.0)       54 (6.8)
  Widowed                                                                0 (0.0)        6 (1.4)              6 (2.3)        12 (1.5)

Correlations of Main Variables
------------------------------

For continuous variables, inter-correlation analysis (Pearson's *r*) was used to inspect the interrelations of the main study variables as displayed in **Table [2](#T2){ref-type="table"}**. In correlational findings, main study variables were interrelated, except restful sleep only significantly correlated with sleep quality and overall quality of life and subjective health (*p* \< 0.05).

###### 

Means, standard deviations, and correlations of the major study variables (*N* = 790).

  Variables                                   1            2            3             4            5            6          7
  ------------------------------------------- ------------ ------------ ------------- ------------ ------------ ---------- --------------
  1\. Sleep quality                           --           --           --            --           --           --         --
  2\. Restful sleep                           0.56^∗∗^     --           --            --           --           --         --
  3\. Quality of life and subjective health   0.49^∗∗^     0.30^∗∗^     --            --           --           --         --
  4\. Physical activity                       0.21^∗∗^     0.02         0.18^∗∗^      --           --           --         --
  5\. Fruit and vegetable intake              0.10^∗∗^     -0.03        0.18^∗∗^      0.23^∗∗^     --           --         --
  6\. Age                                     -0.06        -0.06        -0.01         0.18^∗∗^     0.06         --         --
  7\. BMI (kg/m^2^)                           -0.10^∗∗^    -0.04        -0.28^∗∗^     -0.08^∗^     -0.11^∗∗^    0.12^∗∗^   --
  *M*                                         3.32         3.74         7.13          3.45         3.18         50.85      27.55
  *SD*                                        1.01         0.53         1.42          1.12         1.18         12.15      5.41
  Range                                       1.00--5.00   2.00--4.00   2.00--10.00   1.00--5.00   1.00--5.00   20--84     15.20--55.00

M, mean;

SD

, standard deviation.

∗∗

p

\< 0.01 and

∗

p

\< 0.05, significance levels of correlations.

Path Analysis of a Proposed Model
---------------------------------

To assess to what extent restful sleep, physical activity, and fruit and vegetable intake were associated with increased quality of life and subjective health, via sleep quality, a path analysis model was run, as displayed in **Figure [1](#F1){ref-type="fig"}**. Control variables like age and gender (dichotomous variable) were included as covariates to be able to understand the model as a whole. The overall model fitted the data well, with chi-square, χ^2^ (2, *N* = 790) = 3.77, *p* = 0.15, comparative fit index (CFI) = 0.998, Tucker-Lewis index (TLI) = 0.974, root mean-squared error of approximation (RMSEA) = 0.033.

![Conceptual overall path analysis model with standardized regression coefficients. The paths of restful sleep, physical activity (PA), fruit and vegetable intake (FVI), sleep quality, quality of life, and subjective health (QOL&SH). The examined variables accounted for 36% of the variance of sleep quality and 26% of the variance of quality of life and subjective health. ^∗∗∗^*p* \< 0.001, ^∗∗^*p* \< 0.01, and ^∗^*p* \< 0.05.](fpsyg-09-00977-g001){#F1}

Although restful sleep was not significantly interrelated with physical activity and fruit and vegetable intake, physical activity was positively interrelated with fruit and vegetable intake (β = 0.23, *B* = 0.30, *SE* = 0.05, *p* \< 0.001). Restful sleep (β = 0.55, *B* = 1.04, *SE* = 0.06, *p* \< 0.001), physical activity (β = 0.19, *B* = 0.17, *SE* = 0.03, *p* \< 0.001), and fruit and vegetable intake (β = 0.08, *B* = 0.07, *SE* = 0.03, *p* = 0.011) were associated with increased sleep quality. Sleep quality was associated with increased quality of life and subjective health (β = 0.47, *B* = 0.66, *SE* = 0.04, *p* \< 0.001). Further, physical activity and fruit and vegetable intake yielded positive associations with quality of life and subjective health, with β = 0.07, *B* = 0.09, *SE* = 0.04, *p* = 0.04, and β = 0.12, *B* = 0.15, *SE* = 0.04, *p* \< 0.001, respectively. The examined variables accounted for 36% of the variance of sleep quality and 26% of the variance of quality of life and subjective health.

Age Differences Among Multiple Health Behaviors and Underlying Mechanisms
-------------------------------------------------------------------------

The outcome of one-way MANCOVA yielded significant differences among age groups, with Wilks λ = 0.95, *F*(10,1554) = 3.831, *p* \< 0.001, with partial eta squared, $\eta_{p}^{2}$ = 0.024. The *F*-statistics, *p-*values of significance levels, Games-Howell *post hoc* comparisons, linear and quadratic terms are displayed in **Table [3](#T3){ref-type="table"}**. In quadratic trends, middle-aged adults yielded the lowest sleep quality, in which the mean is 3.20 and quality of life, and subjective health and the mean is 6.96. Physical activity showed significant differences in both linear and quadratic trends across age groups, in which older adults are having the most intention or action of being physically active and the mean is 3.70 and consuming fruit and vegetables with the mean 3.30.

###### 

Analysis of age-group differences on main study variables.

                      Total         Young adults   Middle-aged adults   Older adults   *F^a^* (*p*)   Games--Howell *post hoc* test   Linear term, *F*(*p*)   Quadratic term, *F*(*p*)
  ------------------- ------------- -------------- -------------------- -------------- -------------- ------------------------------- ----------------------- --------------------------
  SQ                  3.40 (0.42)   3.61 (0.10)    3.20 (0.05)          3.40 (0.07)    8.72 (0.00)    YA \> MA \< OA                  0.77 (0.38)             17.49 (\<0.001)
  RS                  3.75 (0.22)   3.79 (0.05)    3.74 (0.03)          3.73 (0.03)    1.99 (0.14)    --                              3.07 (0.08)             0.04 (0.85)
  QOL&SH              7.22 (0.06)   7.39 (0.14)    6.96 (0.07)          7.31 (0.07)    9.02 (0.00)    YA \> MA \< OA                  0.16 (0.69)             17.83 (\<0.001)
  PA                  3.45 (0.05)   3.31 (0.11)    3.32 (0.06)          3.70 (0.07)    18.56 (0.00)   YA \< OA \> MA                  24.19 (\<0.001)         12.45 (\<0.001)
  [FVI]{.smallcaps}   3.20 (0.05)   3.20 (0.12)    3.10 (0.06)          3.30 (0.08)    2.74 (0.07)    OA \> MA                        1.58 (0.21)             4.22 (0.04)

SQ, sleep quality; RS, restful sleep; QOL&SH, overall quality of life and subjective health; PA, physical activity; FVI, fruit and vegetable intake;

M

, mean;

SE

, standard error;

N

, sample size;

F

a

, asymptotically

F

distributed, Welch. For Games--Howell

post hoc

test, display with significance level at

p

\< 0.05.

Path Analysis of Underlying Mechanisms Across Age Groups
--------------------------------------------------------

To compare age-group differences across the main study variables, the *multi-group analysis* in structural equation modeling was performed. Gender (dichotomous variable) was included as the covariate, without including age since age differences are explored. The fully unconstrained path model provided an adequate fit to the data, with χ^2^ (3, *N* = 790) = 6.07, *p* = 0.11; CFI = 0.995, TLI = 0.926, RMSEA = 0.036. With model comparison, χ^2^ = 23.54; *df* = 16, *p* = 0.10, with *p* \< 0.05 which could be the indications for differences among the age groups in the whole model, with the structural weights model fitted acceptably well too as χ^2^ (19, *N* = 790) = 29.62, *p* = 0.06; CFI = 0.983, TLI = 0.960, and RMSEA = 0.027 (**Figure [2](#F2){ref-type="fig"}**).

![Conceptual path analysis model of age-group differences (young adults/middle-aged adults/older adults) with standardized regression coefficients. The paths of restful sleep, physical activity (PA), fruit and vegetable intake (FVI), sleep quality, and quality of life and subjective health (QOL&SH). The examined variables accounted for 46%/37%/33% of the variance of sleep quality and 20%/25%/28% of the variance of quality of life and subjective health accordingly to the age groups. ^∗∗∗^*p* \< 0.001, ^∗∗^*p* \< 0.01, and ^∗^*p* \< 0.05.](fpsyg-09-00977-g002){#F2}

For young adults, restful sleep (β = 0.66, *B* = 1.71, *SE* = 0.19, *p* \< 0.001) and physical activity (β = 0.23, *B* = 0.22, *SE* = 0.07, *p* = 0.002) were positively correlated with sleep quality. Sleep quality was associated with increased quality of life and subjective health (β = 0.41, *B* = 0.55, *SE* = 0.12, *p* \< 0.001).

For middle-aged adults, restful sleep (β = 0.57, *B* = 0.99, *SE* = 0.07, *p* \< 0.001), physical activity (β = 0.14, *B* = 0.12, *SE* = 0.03, *p* \< 0.001), and fruit and vegetable intake (β = 0.12, *B* = 0.10, *SE* = 0.04, *p* = 0.003) were significantly positively associated with sleep quality. Sleep quality was associated with increased quality of life and subjective health (β = 0.46, *B* = 0.65, *SE* = 0.06, *p* \< 0.001). Physical activity and fruit and vegetable intake were significantly interrelated with each other (β = 0.21, *B* = 0.24, *SE* = 0.06, *p* \< 0.001). Physical activity showed significant positive association with quality of life and subjective health, with β = 0.09, *B* = 0.12, *SE* = 0.05, *p* = 0.03.

For older adults, restful sleep (β = 0.51, *B* = 0.995, *SE* = 0.10, *p* \< 0.001) and physical activity (β = 0.19, *B* = 0.19, *SE* = 0.05, *p* \< 0.001) were associated with sleep quality. Sleep quality was associated with quality of life and subjective health (β = 0.50, *B* = 0.70, *SE* = 0.08, *p* \< 0.001). Physical activity and fruit and vegetable intake were interrelated with each other (β = 0.25, *B* = 0.36, *SE* = 0.09, *p* \< 0.001). Further, fruit and vegetable intake was related with quality of life and subjective health (β = 0.18, *B* = 0.20, *SE* = 0.06, *p* = 0.001).

Discussion
==========

The purpose of this web-based study was to investigate age-group differences in the interrelations of multiple health behaviors (i.e., restful sleep, physical activity, and fruit and vegetable intake) and their associations with sleep quality, quality of life, and subjective health among participants who were motivated to reduce their cardiovascular risk.

Summary of the Main Findings
----------------------------

To summarize, in the present study we could show there were interrelations between different health behaviors and that the strength of these interrelations differed among age groups. Regarding the first research question, we found that physical activity was associated with fruit and vegetable intake but neither of them was related to restful sleep. Nevertheless, with regards to our second research question our results show that restful sleep, physical activity, and fruit and vegetable intake were associated with increased sleep quality, and that physical activity and fruit and vegetable intake were positively related to quality of life and subjective health. Sleep quality was also associated with increased quality of life and subjective health. To address our third research question, we investigated age-group differences and could show that older adults had the highest levels of being regularly physically active and consuming sufficient fruit and vegetables. With respect to sleep quality, quality of life, and subjective health, middle-aged adults yielded the lowest values. Finally, the engagement in multiple health behaviors was associated with sleep quality, quality of life, and subjective health across age groups, predominantly among middle-aged adults.

Correlation of Main Variables
-----------------------------

Physical activity and fruit and vegetable intake were interrelated which aligned to a previous study ([@B25]); however, restful sleep was not interrelated with physical activity and fruit and vegetable intake which was inconsistent with a previous study ([@B22]). This may be due to the single item to measure sleep may not be sufficient. Some studies suggested alternative measurements like The Pittsburgh Sleep Quality Index (PSQI) ([@B8]) may be more suitable for measuring sleep as health behavior, as PSQI includes sleep duration, sleep quality, habitual sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction. Restful sleep was only correlated with sleep quality, quality of life, and subjective health. This outcome is partly consistent with a recent study that showed poor sleep quality was related to poor subjective health and less restful sleep ([@B51]; [@B1]).

Path Analysis of Multiple Health Behaviors and Quality of Life and Subjective Health
------------------------------------------------------------------------------------

Based on one of the assumptions of the *CCAM*, a path model replicated the results from the earlier descriptive analyses which showed that physical activity was associated with fruit and vegetable intake but neither of them was related to restful sleep. Nonetheless, restful sleep, physical activity, and fruit and vegetable intake were all associated with increased sleep quality, which is consistent with previous studies ([@B50]; [@B10]; [@B23]). The finding may indicate that other than multiple health behaviors of physical activity and fruit and vegetable intake, restful sleep should also be integrated into a healthy lifestyle, as suggested in past studies ([@B56]; [@B11]). In these studies, especially those persons who reported poor sleep had a lower likelihood to maintain their health behavior change ([@B34]).

Our path models also show that physical activity and fruit and vegetable intake were associated with quality of life and subjective health. This can also be found in previous research ([@B72]; [@B41]). In the present study, sleep quality was related to the increased quality of life and subjective health, which is also consistent with findings in previous studies ([@B51]; [@B12]; [@B1]). Given the associations between these multiple health behaviors as well as quality of life and subjective health, the findings highlight that multiple health behaviors play a role in health and well-being ([@B28]), which may then also be addressed in the prevention of NCDs ([@B69]; [@B23]; [@B52]).

Age Differences in Multiple Health Behaviors and Underlying Mechanisms
----------------------------------------------------------------------

Health behavior change differs by age and health status ([@B83]), however, NCDs can affect people of all age groups ([@B81], [@B82]). This present study found significant age differences regarding the motivation to change one's health behaviors, the actual behavior, and well-being: Middle-aged adults showed lower engagements of multiple health behavior than older adults, had poorest sleep quality, as well as the lowest quality of life and subjective health among age groups. In line with past research, middle-aged adults reported not only poor sleep quality but also yielded poor health characteristics ([@B31]; [@B75]; [@B62]). Among age groups, most middle-aged adults in this study were working full-time and were married. Therefore, time constraints with a tight schedule might be a consequence of the multiple roles they fulfill in their daily lives, hindering them to engage in regular health behaviors ([@B37]). Together with the decline and limitations of physical functions, adopting and maintaining healthy behaviors is exceptionally challenging for middle-aged adults. Web-based applications should be used to assist these persons in overcoming this challenge as they have proven effective among these age groups ([@B51]; [@B66]; [@B10]; [@B45]; [@B19]).

In previous studies, older adults were less likely to meet the recommended level of physical activity although they were more likely to meet the recommendation of a healthy diet ([@B2]). However, in the present study, we found that older adults had more physically active and consuming sufficient fruit and vegetables than the younger groups and that the quadratic trend increased across age groups. This finding may imply that older adults were more likely to successfully engage in multiple health behaviors simultaneously compared to younger adults, which could be due to a self-selection process in which older adults were more likely to participate in this study because of their awareness of aging with health declination ([@B15]). Since the risks of morbidity and mortality caused by NCDs are high in this age group, they are likely to have higher engagement in multiple health behaviors ([@B70]; [@B81]). Another reason could be that the reduced daily stress due to retirement. Retirement might provide more flexibility and time in contrast to those adults who work or study. However, these assumptions should be evaluated further in future research.

Health Behaviors and Underlying Mechanisms Across Age Groups
------------------------------------------------------------

To identify the associations of both behavioral and psychological mechanisms, the proposed path analysis model demonstrated significant age-groups differences on multiple health behaviors, sleep quality, quality of life, and subjective health.

Physical activity was not directly associated with quality of life and subjective health for most age groups, which is in contrast to previous studies ([@B51]; [@B61]). This may be due to most of the previous studies have adopted measurements of frequency or intensity levels of physical activity, such as the International Physical Activity Questionnaire (IPAQ) ([@B14]; [@B61]). In the present study, we used a measure of stages of behavior change instead, which might be useful in extending beyond the frequency but also their intention to initiate and maintain the actual action of health behavior. The stages of behavior change have been considered as linear with increasing intention and action, which also has been included in analyses in previous studies ([@B49]; [@B46]; [@B58]; [@B44]).

For young adults, physical activity was neither significantly associated with fruit and vegetable intake nor with quality of life and subjective health, in contrast to middle-aged and older adults. These findings are similar to previous studies that showed that these missing associations between multiple health behaviors and quality of life and subjective health among young adults may imply that multiple health behaviors are less relevant for quality of life and subjective health than among older adults ([@B23]; [@B2]). This may be the case because younger adults usually perceive themselves as healthier with a higher quality of life or the health outcomes they could gain from the health behaviors were less apparent. This is not the case with middle-aged and older adults, where the opposite is rather the case and where health outcomes are more prospective when they engaged in health behaviors. Indeed, older adults who showed having more engagement in multiple health behaviors yielded significant associations with increased sleep quality, quality of life, and subjective health. Especially fruit and vegetable intake was significantly associated with quality of life and subjective health among older adults, this may be consuming fruit and vegetable intake is more manageable than other health behavior such as physical activity, which highly rely on the health conditions and physical functionality.

Although causal relationships cannot be drawn in this study, the findings suggest that fruit and vegetable intake may be mediated by the relationship between physical activity and sleep quality, which suggested the multiple health behaviors may increased sleep quality. This is an important indicator for coping well with stress and improving well-being ([@B51]; [@B43]; [@B28]; [@B54]). Similarly, the findings suggest that sleep quality seems to be a potential mediator of the relationship between health behavior and quality of life and subjective health. This may bring in another possible perspective on good-quality sleep, because decreases stress levels and increased well-being may mediate the relationship between health behavior and achieving quality of life and subjective health, as suggested in the CCAM by [@B43]. Therefore, further mediation and moderation analyses are required to validate this assumption in the future study.

Limitations
-----------

There are limitations of this current study which need to be considered. First, based on the cross-sectional study design, it is not possible to draw any conclusions about causality and directions among the main variables of health behaviors, sleep measures, and psychological measures. Second, a self-report measure was used to obtain reliable outcomes with a minimum of subject response bias. However, the outcomes may suffer from a lack of accuracy due to over- or underestimation of the participants' actual health behaviors, in which a previous study suggests that people tend to overestimate their physical activity and fruit and vegetable intake ([@B79]). Third, due to the recruitment strategies, selection bias might have occurred since people who had a high motivation to change their health behavior may have registered themselves for participation. A fourth limitation is the unequal sample size of each age group (with middle-aged adults being the majority) which may distort the outcomes. A fifth limitation is the adoption of binary category for gender which excluded some participants from the study. Therefore, more inclusive gender options should be included in the future study. Moreover, the items of physical activity and fruit and vegetable intake were used to access the stages of change that combined both intention and action may yield different outcomes. Thus, the measurements of the health behaviors should be further investigated more indicators of health behavior change and separately as either intention or actual behavior. Lastly, such health behaviors as sleep, physical activity, and fruit and vegetable intake are complex, and the model proposed here most likely does not account for all relevant factors. For example, future studies should investigate more complex health factors such as a high-fat diet, which may affect the intensity level of physical activity on eating behavior ([@B7]), as well as genetic predispositions and stable personality characteristics ([@B13]). Nonetheless, the findings suggested constructive outcomes with distinctive patterns.

Strengths
---------

To our knowledge, the current study seems to be one of the few studies examining restful sleep, physical activity, and fruit and vegetable intake, as well as sleep quality, quality of life, and subjective health in combination across age groups. So far, most previous studies investigated these variables separately. In the current body of literature, most previous studies investigated sleep duration and daytime sleepiness whereas in this study we investigated restful sleep as a more subjective outcome of sleep quality that might be more relevant to people's subjective health. The application of path analysis and multi-group analysis in structural equation modeling should be mentioned as a strength because of the findings may provide more information regarding behavioral and psychological mechanisms based on the *CCAM*. And finally, we compared three age groups in contrast to previous studies that compared only young and older adults ([@B85]; [@B2]). This study also investigated middle-aged adults as this particular age group has been suggested to be examined further in improving health outcomes with multiple health behavior change interventions ([@B62]).

Conclusion
==========

Combining multiple health behaviors such as regular physical activity and healthy diet has a greater impact on health and well-being as single health behavior only ([@B28]). Notwithstanding, the concluding remark of this present study is the main findings suggested possible relationships among the multiple health behaviors and their associations with overall well-being. For example, sleep is associated with other health behaviors in living a healthy lifestyle. Altogether, a multiple health behavior approach may be effective in preventing lifestyle-related diseases and may lead to better quality of life. The findings of this present study add value to the existing literature by providing more information to health-related and medical Internet research. The findings should be considered in lifestyle management interventions to enhance health and well-being, which may be useful for public health, health care system, and policy.

Although the findings from this web-based study are applicable to all age groups, knowing the age-group differences is beneficial to take action by customizing and planning strategic interventions to reduce health risks and improve health in general. For example, the associations of multiple health behaviors with sleep quality, quality of life, and subjective health were less relevant and apparent to young adults; middle-aged adults seemed to be more inclined to achieve better sleep quality, quality of life, and subjective health if they engaged in all multiple health behaviors; and older adults were more in favor of consuming fruit and vegetables. Knowing such differences are informative in adopting the distinct approach of multiple health behavior change, since different age groups might yield noticeably different approaches in improving health.

As suggestions for future studies, sociodemographic factors, such as gender and income may yield distinct health outcomes. For instance, a study showed that insufficient sleep was more likely among females and those with lower income ([@B29]). Moreover, the directions and causality of the relationships of the main variables should be examined further in future research, To understand more of the underlying psychological mechanisms, social-cognitive factors should be investigated further. For example, a study identified that outcome expectancy and self-efficacy were the main predictors for successful behavior change ([@B39]).
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